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Summary.-The distribution of malignant melanoma among the 4 major body sites
(head, upper limb, lower limb and remainder (trunk)) was investigated for 37 white
populations. Although UV radiation is generally considered to be the major
aetiological agent, it was found that 75% of the tumours occurred on the relatively
unexposed body sites. However, the sex differences in the incidence of melanoma at
the various sites corresponded in direction and magnitude with the patterns of
exposures of the sexes.
The greatest difference between the sexes was the higher incidence on the female

lower limb (the regular wearing of skirts results in a considerable exposure), and
the next largest was the higher incidence on the male trunk (men can remove their
shirts easily, but do not do so regularly). The results indicate that UV radiation is a
major cause of malignant melanoma, but suggest that the mechanism of induction
may be complex. Several hypotheses, as well as the types of additional evidence
required, are discussed.

Two LINES of evidence suggest that UV
radiation plays a major role in the induc-
tion of malignant melanoma. Firstly, the
incidence and mortality from melanoma
has been found to increase with proximity
to the equator in Australia, North
America, England and Wales, Norway
and Sweden (Lancaster, 1956; Haenszel,
1963; Magnus, 1973; Elwood et al., 1974;
Eklund & Malec, 1978; Crombie, 1979a).
More indirect evidence comes from racial
differences in melanoma incidence. It is
well known that dark-skinned races have
a low incidence of melanoma (Oettle,
1966; Camain et al., 1972) and a recent
study (Crombie, 1979b) has demonstrated
a clear relationship between the density
of pigmentation and the incidence of
melanoma on the exposed body sites.
Melanin pigment is thought to protect by
absorbing the UV (Quevedo et at., 1975)
so that the degree of protection would
depend on the density of pigment.

This model would predict that the
majority of the tumours should occur on

the most exposed site, the head and neck.
But several studies have reported that
tumours occur with great frequency at
other sites, particularly the leg among
females and the trunk among males (Davis
et al., 1966; Bodenham, 1968; Lee &
Yongehaiyudha, 1971; Magnus, 1973;
Teppo et al., 1978). This contrasts with the
non-melanoma skin tumours, for whichUV
is also thought to be the major aetiological
factor, but of which 70-90% occur on the
head and neck (Haenszel, 1963; Urbach,
1969; Scotto et a., 1974).
The high frequency of melanoma on

relatively unexposed sites has led to the
suggestion that other factors may be
involved in the aetiology of melanoma
(Teppo et al., 1978). The present study is of
the site distribution of malignant mela-
noma among 37 caucasian populations
located throughout the world. It investi-
gates the frequency with which tumours
are observed on the relatively unexposed
sites, the nature of the differences between
the sexes in their site distributions, and
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whether any pattern of site distribution is
consistently observed.

MATERIALS AND METHODS

The data were obtained from "Cancer
Incidence in Five Continents" (Vol. III. Eds
J. Waterhouse, C. Muir, P. Correa, J. Powell
and W. Davis. IARC Scientific Publications
No. 15, IARC, Lyon). There are 37 cancer
registries which published detailed site-
incidence data on malignant melanoma among
whites. Where a single registry reported rates
on more than one racial group, that with the
largest popultaion was selected, and when a
single group was subdivided, only the com-
bined group was included in the analysis.
Thus, New Mexico (Spanish), El Paso
(Spanish), Norway (Urban and Rural), and
the subdivisions of the Israel Jewish popula-
tion were excluded. Incidence rates are
expressed per 100,000 per year and are age-
standardized to the World Standard Popula-
tion (Segi, 1960).

Malignant melanoma refers to ICD No. 172
(8th Revision). Head comprises 172-0 to
172-4; Upper Limb 172-7; Lower Limb 172-8;
and Remainder 172-5, 172-6 and 172-9.
Exceptions are El Paso where Head excludes
172-0; Israel where Head only includes 172-0,
and 172-1 to 172-3 are included in Remainder;
and Norway where 172-4 was included in
Remainder not Head.

RESULTS

Reliability of the data
The data analysed here were recorded

by population-based cancer registries and
published in "Cancer Incidence in Five
Continents", Vol. III. To be included in
this volume these registries had to satisfy
the criteria for reliability of registration
discussed in Chapter VI of that publica-
tion.

Incidence rates which are based on small
numbers of tumours are potentially very
variable, and this could have been a
particular problem in this study because
the melanoma tumours are divided among
4 body sites. Although 28 of the 37 regis-
tries recorded more than 50 tumours, and
only 2 recorded less than 10, further

investigation was carried out. It was found
that when the analyses described below
were repeated, excluding those registries
with low tumour numbers, almost identical
results were obtained. Therefore the results
obtained with all the 37 registries are
presented; including the low-tumour-
number registries does not confound the
analyses, but omitting them could bias the
results.
An earlier paper in this series found

that among the 48 "white" registries,
females had a significantly higher inci-
dence of melanoma than males (Crombie,
1979b). Details of the distribution of
melanoma among the 4 major body sites
(head, upper limb, lower limb and re-
mainder) are available only for 37 "white"
registries, but these also show that
females have the significantly higher
incidence (Table I). However, when the
individual body sites are analysed, a more
complicated pattern emerges: males have
the higher incidence for head and remain-
der, but females are higher for the upper
and lower limbs (all significant, P < 0.01).
The largest sex difference concerns the
lower limb (female higher) and the next
largest is that of remainder (male higher);
the differences between the sexes for the
head and upper limbs are small. The size
of these average differences can be put
into context by comparing them with
the median incidence for each site and
sex:

Median incidence (per 100,000 population)- \~~~~~~
Upper Lower

Head limb limb

Male 0-526
Female 0-425

Remainder

0-261 0-378 0-927
0-528 1-079 0-674

The interpretation of the results for
the category "remainder" is complicated
because it comprises the sites "trunk,
scrotum and site unspecified". The contri-
bution of scrotum is likely to be small; in
England and Wales in 1972-73 it accoun-
ted for less than 1% of all melanomas
(O.P.C.S., 1980). Thus "remainder" will
consist of trunk plus the proportion of the
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TABLE I.-The difference between the sexes in the incidence* of melanoma at the various
body sites

Number and location
of the registries

All 37 registries

15 North American
registries

20 European
registries

* Incidence expressed per 100,000 population.

head and limb tumours which have been
labelled "site unspecified". The size of this
proportion is likely to vary between
registries, depending on the efficiency of
registration. But at any given registry
it would seem reasonable that the sex of
the patient would have no effect on the
likelihood of a tumour being ascribed to its
correct site. Since females have the higher
incidence on the head and limbs, the same
proportion of tumours from these sites
would result in a slightly larger number
of tumours among females (compared to
males) being transferred to site unspeci-
fied. Thus, the site-unspecified tumours
will increase the female incidence at
"remainder" more than they do the male.
The exces male incidence at this site
shown in Table I and described below is
thus most likely due to the greater fre-
quency of tumours on the trunk, and may
well be an underestimate ofthe true excess.
The registries analysed are almost all in

North America (15) and Europe (20). It
was previously shown that the trend of
melanoma incidence with latitude differed
between these two continents: an increase
with decreasing latitutde in North America,
and the converse in Europe (Crombie,
1979a). However, both continents show the

same pattern of sex differences in inci-
dence: male higher on head and remainder
(trunk) and female higher on the upper
and lower limbs (Table I). The relative
sizes of the mean sex differences are also
similar, though they are consistently
larger in North America. The overall mean
difference in Europe is also smaller than
that for North America, and it is not
significant, though the individual site
differences are.

These analyses do not show whether
the sex differences, and in particular
those of the head and upper limb, result
from a consistent difference between the
sexes, or from a small number of extreme
values. This can be more fully investigated
by comparing the site incidences at each
registry and totalling the frequencies with
which each sex was the higher. Table II

shows that at most registries the male and
female incidences follow the pattern indi-
cated by the mean differences: male
greater on the head and remainder;
female greater on the upper and lower
limbs. These tendencies are slightly more
marked in North America than in Europe,
where for both the head and the overall
incidence the differences between the sexes
were not significant.

Body site
Head
Upper limb
Lower limb
Remainder
All sites

Head
Upper limb
Lower limb
Remainder
All sites

Head
Upper limb
Lower limb
Remainder
All sites

Mean
difference

(male-female)
in incidence

+0-181
-0-151
-0-921
+ 0 430
- 0-462

+ 0-279
-0-132
- 0.999
+0 453
- 0 399

+0-109
-0-115
-0-683
+ 0 404
- 0-286

s.e.

0 045
0 043
0-131
0-085
0-150

0-083
0-064
0-109
0-123
0-125

0-048
0-042
0-107
0-122
0-169

Paired
t
4 044

-3-548
-7-028

5 037
-3-083

3-360
-2-084
- 9-179
3-690

- 3-194

2-290
-2-764
-6-410

3-310
-1-693

p
< 0-001
< 0-01
< 0-001
< 0-001
< 0-01

< 0-01
N.S.

<0-001
< 0-001
< 0-01

< 0 05
<005
< 0-001
<0-01
N.S.
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TABLE II.-The frequencies with which each sex had the higher incidence at the various
body sites

Number aind area of
the registries

All 37 registries

15 North American
registries

20 European
registries

Frequencies with
which

Male Female
Body site greater greater

Head
Upper limb
Lower limb
Remainder
All sites

Head
Upper limb
Lower limb
Remainder
All sites

Head
Upper limb
Lower limb
Remainder
All sites

28
6
2

31
10

13
1
0

13
3

14
5
2

17
7

9
31
35
6

27

2
14
15
2

12

6
15
18
3

13

The proportions of total incidence at
each site among the registries show several
interesting features (Figure). The per-
centages vary over a wide range, but in
general the lower limb is the major female
site and is relatively much less common

among males, for whom remainder (trunk)
is the major site. The head tends to be
relatively commoner in males than females,
but there is little difference between the
sexes in the relative frequency of mela-
noma on the upper limbs.

There is a marked tendency for the
percentages (except those for remainder
and female lower limb) to cluster around a

particular value, which is different for each
sex and site. The wide range of the fre-
quency distribution of remainder may
reflect varying numbers of "site unspeci-
fied" tumours from the different regis-
tries. The proportion of site-unspecified
tumours at each registry is likely to be
similar for males and females, leading to a

similar overall proportional contribution
of these tumours to remainder for the two
sexes. Thus, the large difference between
the male and female proportions (among
males remainder accounts for > 35%
of the total incidence for 28 of the 34
registries, whereas among females it

accounts for < 30% for 26 of them) is
unlikely to be due to this effect. It can

thus be concluded that melanoma is
relatively more common on the male
trunk. The bimodal distribution of the
percentages of female lower limb is due
to a group of registries in central and
southern Europe which clustered round a

higher value than the rest of the European
and North American registries. Apart from
this, similar results were obtained when
North America and Europe were analysed
separately.
The clustering of most of the percent-

ages around central values suggests that
the average percentage at each site could
be a useful summarizing value. To inter-
pret these percentages, shown in Table III,

it should be noted that some of the site-
unspecified tumours in the category re-
mainder might have belonged to one of the
other three sites. Thus, the percentages
for head, upper and lower limb probably
represent the lower limits to the true
values.
The frequency of melanomas at a given

site might be expected to bear some rela-
tionship to the number of melanocy-tes (the
cell type from which the tumour arises).
Table III compares for each site the aver-

x2(1)
8-757

15-568
27-676
15-568
6-919

6-667
9-600

13-067
6-667
4-267

2-450
4 050
11-250
8-450
1-250

p

< 0-01
<0-001
< 0-001
<0-001
< 0-01

<0-01
< 0-01
< 0-001
< 0-01
<005

N.S.
< 0 05
< 0-001
<0-01
N.S.
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FIGuRE.-The distribution of 34 caucasian populations according to % of all melanomas at 1 of 4
sites. The percentages were grouped to the last whole 5%. The values for El Paso, Israel and
Norway have been excluded because of differences in site definitions. (Male A A; Female
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TABLE III.-The distribution of malignant melanoma and of melanocytes among the
body sites

Average % of melanoma at each site
I I~~~~~~

Head
1 24-4

16-1
4 27-2

16-3
22-7
16-3

All 37 registries 1
F

15 North American registries l
F

20 European registries m
F

Features of body sites
Surface area* (0% of total)
Melanocyte densityt (cells/mm2)
% of total melanocytes

* Data from Boyd (1935.
t Data from Szabo (1967).

age proportion of tumours with the surface
area (as a proportion), the density of
melanocytes and the proportion of melano-
cytes. The head has the highest density of
melanocytes, the upper and lower limbs a
similar lower density, and the trunk lowest
of all. Compared with the proportion of
melanocytes, males show small excesses of
melanoma on the head and remainder
(trunk) and a large deficit on the upper
limb. For females there is a large excess on
the lower limb, a small one on the head
and deficits on the upper limb and
remainder.

DISCUSSION

This study of 37 population-based can-
cer registries has confirmed earlier reports
(Lee & Yongehaiyudha, 1971; Magnus,
1973; Teppo et al., 1978) that about 75%
of melanomas occur on the relatively
unexposed sites of the limbs and body.
The site distribution of malignant mela-
noma would appear, as Teppo et al. have
suggested, to be at variance with the
supposed role of UV as the major aetio-
logical factor. This must be balanced
against the principal conclusion from this
study: that the direction, magnitude and
consistency of the sex differences in the
incidences at the different body sites
correspond with sex differences in expo-
sure. The wearing of skirts ensures that a
woman's legs are considerably more 'ex-

Upper
limb
14-4
15-4
16-9
18-4
12-8
13-3

Lower
limb Remainder
18-4 42-8
42-4 26-1
12-0 43-9
36-3 29-1
22-9 41-5
47-0 23-4

7-5 34-6 19-4 38-5
1840 1160 1130 890

13 31 19 37

posed than a man's, so there is a large
difference in incidence. The higher inci-
dence on the male trunk presumaby
occurs because it is commoner for a man to
bare his chest. The sex difference on the
trunk is not as great as that of the leg
because men do not expose their chests as
frequently as women their legs. The heads
of both sexes experience similar exposure
and melanoma incidence, though it is
tempting to suggest that the slightly
lower female incidence could be due to the
protective effect of make-up, or long hair.
Similar speculations about the role of
short-sleeved summer dresses in the higher
incidence on the female upper limb, like
those about the head, can be no more than
conjecture. The important point about
these two sites is that the differences in
exposure are not marked and the differ-
ences in incidence small. Similar sex dif-
ferences have been reported previously in
isolated studies (Lee & Yongehaiyudha,
1971; Magnus, 1973; Teppo et al., 1978).
An important feature of the argument

that the site distribution of melanoma
does not accord with exposure is the com-
parison with the non-melanoma skin
tumours. But it could be that this com-
parison is misleading, and that some addi-
tional factor(s) which only affects non-
melanoma tumours is responsible for their
high concentration on the face. The non-
melanoma tumours develop from epi-
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thelial cells, and possibly those on the face
are particularly susceptible to UV-induced
carcinogenesis. The constant exposure of
the face to the elements couild be a factor,
and in support of this Owens & Knox
(1978) have shown that heat and wind can
influence the induction of non-melanoma
skin tumours in mice One model for the
human skin could be that the year-round
exposure of the face leads to a continuous
high rate of cell replacement, and acts as a
promotor for tumours initiated by UA.
Thus, the combination of two types of
exposure would cause the very high
frequency of tumours on the face. Mela-
nomas would not be influenced by the
second type of exposure, because melano-
cyte division is not necessary for the re-
newal of the stratum corneum.

In fact, the deviation of the site distri-
bution of malignant melanoma from the
"expected" pattern is not as extreme as it
might appear. The frequency of melanoma
at any site would be expected to depend
on the number of melanocytes (the cell
type from which the tumour arises) as well
as the amount of exposure. An excess of
melanoma (relative to the percentage of
melanocytes) was observed on male re-
mainder (trunk), female lower limb and
the head in both sexes. Since most mela-
nomas on the head occur on the muchl
smaller surface area of the face (Davis
et al., 1966; Lee and Yongchaiyudha,
1.971; WVaterhouse, 1974; Teppo et al.,
1978) the true excess on the face will be
considerably greater than that on the
head, and could be the greatest of any site.

There still remains, however, a consider-
able proportion of melanomas on sites such
as the male leg and female trunk which
receive little exposure. A complete ex-
planation of the aetiology of malignant
melanoma will have to reconcile the
comparatively high proportion of tumours
at these sites with the several lines of
evidence which implicate UV radiation
as the major aetiological factor. To explain
the site distribution, Lee & Merril (1970)
postulated a "solar circulating factor"
which would be induced in an exposed

area and circulate in the plasma to cauise
a tumour in an unexposed area. This
hypothesis cannot easily explain the sex
differences in the site distributions.
An analysis of the relationship of skin-

tumour incidence to age led Fears et al.
(1977) to suggest that melanoma may be
induced by brief exposure to high-intensity
UV. Although Lee (1978) has pointed out
that their conclusions were based on the
misinterpretation of an artefact caused by
the rapidly increasing incidence of mela-
noma, the suggestion remains interesting.
There is evidence from animal studies that
the way in which UV is applied can affect
the induction of skin tumours (Forbes
et al., 1978). Brief high-intensity exposures
would be obtained mainly during holidays,
when the relatively unexposed sites could
receive almost as much sunlight as the
face. Further, the face may be partially
protected against the high-intensity expo-
sures experienced during holidays because
it is usually slightly tanned because of its
year-round exposure. In contrast, the
other body sites will lack this protection
and their melanocytes will be freely pene-
trated by UV; the sight of marble-white
bodies is not at all uncommon on British
(and continental) beaches.

In conclusion, it would appear that the
site distribution of malignant melanoma is
not incompatible with the role ofUV as the
major aetiological factor, and in fact the
sex differences in site incidence add weight
to this hypothesis. But there is clearly a
need for further research, in particular to
see whether the amount ofUV received by
the melanocytes at different body sites
can fully explain the observed site distri-
bution; the thickness and depth of pig-
mentation of the stratum corneum are
likely to modify the penetration of radia-
tion. It would also be necessary to measure
the amount of radiation incident on the
body sites during sunbathing and other
leisure activities to determine when the
significant exposures occur. One major
question is whether the exposure of nor-
mally unexposed sites during holidays is
especially hazardous. This is of particular
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importance because of the increasing
numbers of people who holiday in conti-
nental sunspots.

I would like to thank Ms A. Peters and Dr A.
Minawa for helpful advice in the preparation of this
manuscript. This work was supported by a grant
from the Cancer Research Campaign.
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